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I. Identification

This project concerns laboratory research and electro-optical
experimentation to determine the feasibility and problem areas of
utilizing holograms of images as a possible technique for semi-automatic
image recognition. This project 1s included in the Technical Develop-
ment Program of the P&DS, NPIC for FY-65, as part of a[____ |tem 25X1
under Special Techniques and Development Studies.

1I. Objectives

The primary objective of this project is to prove or disprove
the usefulness of holograms when they are used as spatial filters in
en Image recognition system. The proposed program is based upon an
epproach using a laser, an optical bench, and a high resolution image
orthocon tube. It is strictly a laboratory study to test feasibility
and will not produce deliverable hardware at this stage.

ITI. Background

The rate of acquisition of reconnalssance materials is steadily
and rapidly increasing. Acquisition processes are already automated
to a great degree so that the number of people required to exploit
these materials greatly exceeds the number involved in its acquisition.

The following expansions in acquisition are contemplated:

(1) Extended coverage of the Sino-Soviet Bloc, with 5-10
foot ground resolution, with frequent missions.

(2) Surveillance coverage of 2000-3000 priority targets.
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All of these planned requirements dictate that the overall exploi-
tation process will have to be accelerated, while maintaining accuracy
and complete reporting. One means of accelerating the process is to
provide to the interpreters automatic or semi-automatic aids. These
devices should be able to perform the more routine, redundant and time
consuming tasks of interpretation. This would allow the more efficient
use of Iinterpreters to perform the more complex interpretation tasks.
Some of the tasks which may be susceptable to automation include: count-
ing of similar objects (e.g., railroad cars or automobiles in an area);
re-scanning large volumes of film to search for a particular type of
obJject; elimination of cloud obscured areas and other sterile coverage,
ete.

This investigation would be one of several being performed by
the Intelligence Community to evaluate various techniques which may be
applicable to the development of automated devices which would aid the
interpreter in performing his image recognition tasks. Many of these
technlques under investigation are primarily linear processes based
on the sequential examination (by an electro-optical system) of each
bit of data in the total image and the subsequent comparison of these
bits to a previously learned prototype image of a target. TForemost
of this type of image processing are the adaptive-memory devices such
as the Perceptron and other similar computers. Although these types
of devices can automatically identify targets, they seem to have
several serious deficilencies:

(1) Linear processing techniques are very bandwidth-
limited -- e.g., the time of processing per unit of image
area per Image-packing density is very long. In other
words, an electro-cptical, adaptive-computer system requires
more time to identify an image than does a poor or mediocre
human interpreter. A humen interpreter does not examine an
image bit by bit but by integration of many hundreds or
thousands of image bits simultaneously.

(2) Adaptive memory techniques have shown little
capability to "generalize" from a learned prototype image.
They are unable to recognize an image which differs appreci-
ably from the learned prototype due to shadow, perspective,
and incomplete or distorted image detail.

It is primarily because of these two deficiencles that it is
necessary to investigate completely different concepts which might be
applied to image recognition.
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Recent research has demonstrated that certain types of optical
filters for specific images will permit recognition of only that image
when it is viewed in a scene containing other "unwanted" objects. This
type of filter is essentially a diffraction image of the object, more
commonly called a hologram. These types of spatial filters, or holo-
grams, permlt the entire image to be "processed" simultaneously; there-
fore, the speed of recognition would be reduced considerably over that
of linear recognition systems. There i1s alsoc some indication from
laboratory work that recognition with these filters is little affected
by perspective and incomplete image detail.

Although the basic concepts of spatial filtering have been
demonstrated, there are many questions remaining that must be solved
before the technique can be fully evaluated and related to a possible

, sutomatic recognition system. The purpose of the proposed research is
h.p‘ to investigate these more salient unresolved problems.

#¥. Technical Specifications
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The project shall basically consist of laboratory experimentation ‘w
to answer the following questions:

(1) Determine how obscure a target can be, in contrast
as well as obscuration, and still be recognized.

(2) Determine experimentally how much information a
photograph can contain before the hologram or spatial filter
fails to recognize the desired target.

(3) Determine what effect shadows have in the image
recognition process.

(M) Determine experimentally the tolerance between the
gscale of the target in the photograph and the scale of the
target for which the spatial filter was made.

(5) Determine experimentally the tolerances of target
perspective.

(6) Determine the effects of image packing density.

(T) Determine the tolerances or limits of target
orientation.

(8) Determine the effects of multiple, identical targets
in the same field of view.

(9) Determine how many different types of targets can be
made into one multiple spatial filter.
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(10) How seriously does the insertion of glass plates
affect the optical performance.

(11) Investigate the use of liquid gates with photo-
graphic films.

(12) Determine how seriously vibration affects the
optical system performance.

(13) Determine the feasibility of photoplastic film
as a recording medium.

(14) Determine how accurately the filter must be located
and aligned for best recognition.

(15) Study the various means for reducing the amplitude
of the reference beam of the two-beam interferometer used to
produce spatial filters.

(16) Determine the relative merits of phase and amplitude
filters.

(17) Determine what the expected resolution limits of the
hologram system are.

(18) Determine what the system time constants are for
& scale and orientation search for a target.

(19) Analytically determine the optimum modulation
transfer function of a recognition system.

(20) Determine the effects of signal-to-noise ratio
on the read-out system.

(21) Investigate the feasibility and complexity of
real-time filter generation.

(22) Make a system evaluation which will make use of
the various pieces of data gathered from the aforementioned
studies.

Contractual Arrangements —

Since much of the knowledge of holograms to date has been developed

25X1 I

[ 1t 1s recommended that | [be awarded

The contract with the provision thaﬂ |

25X1

e retained as a consultant on this pro,ject. He has

Approved For Release 2005/05/%:6&%—?DP78BO4770A00230002 0011-4

25X1
25X1

25X1

25X1



25X1. T
. Approved [For Release 2005/05/§§:C§£-RDP78BO4770A00230002001 14

agreed to this arrangement. The Image Orthocon Systeml | 25X1
was developed for the Agency for another contract for which it is no longer
needed. DD/S&T/ORD has agreed t{ _ Jusing it for this project as GFE 25X1
equipment. The proposed cost of this project is[:::::::] It would be 25X1
25X1 an add-on task tol pasic Agency contract. ‘

VI. Coordination

The idea for investigating holograms for this purpose was conceived
internally and, to our knowledge, no other Agency has any plans for
similar investigations. Other units of the Intelligence Community will,
of course, be informed of significant progress in this project.

VII. BSecurity

ot The project itself would be unclassified at this stage of investi-
gation, although its association with the sponsor would be CONFIDENTIAL.
All personnel to be assoclated with the project have Agency SECRET
clearances.

25X1
Approved For Release 2005/05/02 . -RDP78B04770A002300020011-4
CECRETR




